Abstract. The aims of the present study were to examine whether unresectable hepatocellular carcinoma (HCC)
Introduction
Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-related mortality worldwide in terms of incidence with 626,000 new cases per year, accounting for 5.7% of all new cancer cases (1) (2) (3) (4) (5) . Annual incidence rates of HCC are highest in Sub-Saharan Africa and East Asia, where ~85% of all cases occur (1) (2) (3) (4) (5) . The vast majority of HCC cases occur in the context of hepatitis virus or alcohol related chronic liver disease and consequently many patients with HCC present with liver dysfunction and experience a high rate of comorbidity (1) (2) (3) (4) (5) . Thus, HCC is a heterogeneous disease with regard to etiology as well as clinical presentation, presenting challenges for disease management. The therapies of HCC have significantly changed in the last few decades (1, 2, 5) . With these changes and advances in medical technology such as diagnostic imaging and surveillance programs for detecting earlier stage HCC, survival in patients with HCC has markedly improved (4, 5) . However, unfortunately, <20% of HCC patients are amenable to curative therapy such as liver transplantation, surgical resection or ablative therapies. Furthermore, HCC
Comparison of standard-dose and half-dose sorafenib therapy on clinical outcome in patients with unresectable hepatocellular carcinoma in field practice: A propensity score matching analysis often recurs even after curative therapy and survival in HCC patients with advanced stage remains poor (5, 6) .
Sorafenib is a multi-kinase inhibitor that blocks tumor growth and cell proliferation (7, 8) . Although systemic chemotherapy such as doxorubicin was not demonstrated to be effective for the treatment of advanced HCC for several decades, two randomized phase III studies, namely the Sorafenib HCC Assessment Randomised Protocol (SHARP) study and the Asian Pacific study, showed that sorafenib therapy obtained survival benefit over placebo group for patients with unresectable HCC, and molecular targeted therapy with sorafenib is currently approved for use as first-line systemic chemotherapy in these patients (7, 8) . Furthermore, results with regard to the treatment efficacy and safety of sorafenib therapy for HCC in clinical practice were demonstrated by several field practice experiences, including the SOraFenib Italian Assessment (SOFIA) study and the Global Investigation of therapeutic dEcisions in HCC and Of its treatment with sorafeNib (GIdEON) study (9) (10) (11) (12) . However, to the best of our knowledge, few studies compared the clinical outcomes and safety between different initial doses of sorafenib administered to HCC patients (10, 13) . In Japan, the investigations for optimal initial dose of sorafenib for unresectable HCC are still underway, although two pivotal studies recommended initial dose of sorafenib of 800 mg/day (7, 8) .
The aims of the present study were thus to examine whether HCC patients treated with initial dose of sorafenib of 400 mg/day (half-dose) had comparable treatment efficacy, safety and survival merit as compared with those treated with initial dose of sorafenib of 800 mg/day (standard-dose) in a multicenter large study. For reducing the bias in patient selection, we compared clinical outcomes of these two groups using propensity score matching analysis.
Patients and methods

Patients.
A total of 465 consecutive HCC patients have been treated with sorafenib at fourteen hospitals in Japanese Red Cross Liver Study Group from January 2008 to July 2013. Sorafenib therapy was indicated in patients with unresectable HCC determined by dynamic computed tomography (CT); i) existence of extrahepatic metastases; or ii) refractory to previous HCC therapies such as transcatheter arterial chemoembolization (TACE); or iii) unsuitability for TACE for anatomical reasons; or iv) vascular invasion such as tumor thrombus in the portal vein (14) (15) (16) . Patients with a performance status (PS) of 3 or 4 according to the Eastern Cooperative Oncology Group (ECOG) classification were excluded (14, 15) . Since the aim of the current analysis was to compare clinical outcomes of HCC patients treated with initial dose of sorafenib of 800 mg/ day and those treated with initial dose of sorafenib of 400 mg/ day, patients treated with initial dose of sorafenib of 600 or 200 mg/day (n=22) were excluded from the current analysis. Patients with barcelona Clinic Liver Cancer (bCLC)-A or d (n=6) were also excluded. Thus, a total of 437 patients (n=184 in the standard-dose group and n=254 in the half-dose group) were analysed in the present study (Fig. 1) . We retrospectively compared overall survival (OS), progression-free survival (PFS), treatment response and sorafenib related adverse events in the two groups.
The present study comprised a retrospective analysis of patient records and all treatments were conducted in an open-label manner. The ethics committees of all facilities that participated in this study approved the present study protocol and this study protocol complied with all of the provisions of the declaration of Helsinki.
HCC diagnosis and sorafenib therapy. HCC was diagnosed as described previously (14, 15) . briefly, dynamic CT or magnetic resonance imaging of the liver was undertaken prior to sorafenib therapy in all analysed patients. In some patients who presented with atypical liver tumors, we conducted ultrasound-guided tumor biopsy. HCC was diagnosed by radiological or histological method according to European Association for the Study of Liver guideline (17) .
As for initial dose of sorafenib, for patients with no risk factors, we introduced the recommended initial dose 400 mg twice a day of sorafenib (800 mg/day). The initial dose was reduced according to factors such as body weight, age, ECOG-PS and liver function. during sorafenib treatment, each attending physician decided to reduce daily dose of sorafenib according to the grades of adverse events or ECOG-PS. In patients treated with half-dose sorafenib with good tolerance, dose escalation of sorafenib was allowed. Temporary interruption was maintained until the symptoms resolved to grade 1 or 2. We assessed the treatment response of sorafenib every 4-8 weeks after the initiation of sorafenib therapy by modified Response Evaluation Criteria in Solid Tumors (mRECIST) and/or tumor markers (14, 15, 18, 19) . Sorafenib therapy continued until disease progression, unacceptable drug-related toxicity, or the patient's wish to discontinue treatment. After discontinuation of sorafenib therapy for any reason, any other therapies such as TACE or systemic chemotherapy were permitted according to the tumor status or the general status of each patient (14, 15) .
Evaluation of treatment efficacy. best treatment efficacy of sorafenib during treatment was assessed in accordance with the mRECIST criteria and/or tumor marker levels as mentioned above (14, 15, 18) . The treatment efficacy was classified as: i) complete response (CR), ii) partial response (PR), iii) stable disease (Sd) and progressive disease (Pd). CR was defined as disappearance of any arterial enhancement within all target tumors. PR was defined as ≥30% decrease in tumor size as determined by evaluation of the sum of the diameters of the target tumors, whose size was estimated using unidirectional measurement. PD was defined as ≥20% increase in tumor size as determined by evaluation of the sum of the maximal dimensions of the target tumors. SD was defined as the absence of either PR or PD (15, 18) . The objective response rate (ORR) was defined as the percentage of patients who had a best response rate of CR and PR. The disease control rate (DCR) was defined as the percentage of patients who had a best response rate of CR, PR and Sd.
Safety evaluation of sorafenib therapy. Sorafenib related toxicities, including hand foot skin reaction (HFSR), rash, diarrhea, hypertention, fatigue, liver injury, gastrointestinal bleeding and lung injury were evaluated using Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.
Statistical analyses. Categorical variables were analyzed by
Fisher's exact test. Continuous variables were analyzed by unpaired t-test. OS curves were generated using the kaplanMeier method and compared using the log-rank test. OS was calculated from the initial date of sorafenib therapy until death from any cause or the last follow-up. PFS was calculated from the initial date of sorafenib treatment until the date of progression disease or death from any cause (14, 15) . data were analyzed using SPSS (Chicago, IL, USA). Two-tailed probability values of P<0.05 were considered significant. Table I . baseline characteristics between patients treated with initial dose of sorafenib of 800 mg/day (standard-dose group) and those treated with initial dose of sorafenib of 400 mg/day (half-dose group) before propensity score matching.
Standard-dose group
Half-dose group P-value (800 mg/day, N=183) (400 mg/day, N=254) Propensity score analysis. For reducing the bias in patient selection, a propensity score matching analysis was performed to examine causal relationships between initial dose of sorafenib (800 or 400 mg/day) and clinical outcomes in a retrospective study other than a randomized controlled trial (RCT). Clinical variables entered into the propensity model were age, body weight, gender, Child-Pugh score and ECOG-PS, which indicated variables we frequently take into account in daily clinical practice when we decide initial dose of sorafenib (20) . Subsequently, a one-to-one match between the standard-dose group (800 mg/day of sorafenib) and the half-dose group (400 mg/day of sorafenib) was obtained by using the nearestneighbor matching method (21, 22) .
Results
Baseline characteristics before propensity score matching. baseline characteristics in the standard-dose group (n=183) and the half-dose group (n=254) prior to sorafenib therapy before propensity score matching are demonstrated in Table I Comparison of OS and PFS rates in the two groups before propensity score matching. The median follow-up periods after sorafenib therapy before propensity score matching were 6.9 months (range, 0.5-46.2 months) in the standard-dose group and 7.9 months (range, 0.3-41.4 months) in the half-dose group. The median OS intervals were 8.8 months [95% confidence interval (CI), 6.9-10.7 months] in the standard-dose group and 9.4 months (95% CI, 7.6-11.1 months) in the half-dose group (P=0.913) (Fig. 2) . The median PFS intervals were 3.4 months (95% CI, 3.0-3.7 months) in the standard-dose group and 3.3 months (95% CI, 2.9-3.7 months) in the half-dose group (P=0.875) (Fig. 3) .
Baseline characteristics, OS and PFS after propensity score matching. baseline characteristics in the two groups prior to sorafenib therapy after propensity score matching (139 pairs) are shown in Table II . The median follow-up periods after propensity score matching were 7.1 months (range, 0.5-46.2 months) in the standard-dose group and 9.0 months (range, 0.7-41.4 months) in the half-dose group. In baseline characteristics, there were no relevant differences among two groups except for AFP-value (P=0.043). The median OS intervals were 9.2 months (95% CI, 7.3-11.0 months) in the standard-dose group and 9.7 months (95% CI, 7.8-11.7 months) in the half-dose group (P=0.350) (Fig. 4) . The median PFS intervals were 3.4 months (95% CI, 2.6-4.2 months) in the standard-dose group and 3.2 months (95% CI, 2.5-3.9 months) in the half-dose group (P=0.729) (Fig. 5) .
Treatment duration, treatment discontinuation rate and dose reduction or escalation rate in the two groups after propensity score matching. In the standard-dose group, the median treatment duration period of sorafenib after propensity score matching was 3.1 months (range, 0.1-39.3 months). Sorafenib treatment was discontinued in 127 patients (91.4%) and sorafenib dose was reduced in 85 patients (61.2%) the sorafenib dose was not escalated in any patient during the follow-up period.
The mean administered sorafenib dose per day was 628 mg (missing data for some patients). In the half-dose group, the median treatment duration period of sorafenib after propensity score matching was 3.9 months (range, 0.1-32.1 months). Sorafenib treatment was discontinued in 121 patients (87.1%) and sorafenib dose was reduced in 44 patients (31.7%) and sorafenib dose was escalated in 36 patients (25.9%) during follow-up period. The mean administered sorafenib dose per day was 395 mg (missing data for some patients). Most patients in the two groups discontinued sorafenib therapy due to progressive disease or sorafenib related SAEs.
Cause of death in the two groups after propensity score matching. during follow-up period, 101 patients (72.7%) in the standard-dose group died. The causes of death in the standarddose group were HCC progression in 73 patients, liver failure The most frequently observed SAE (grade 3 or more) was liver injury (10.8%) in the standard-dose group and liver injury (11.5%) in the half-dose group (Table III) .
Subgroup analyses according to BCLC stage and ChildPugh classification after propensity score matching. We also performed subgroup analyses according to bCLC stage and Child-Pugh classification after propensity score matching as these variables are well known prognostic factors in HCC patients.
In patients with bCLC-b HCC (n=53 in the standard-dose group and n=51 in the half-dose group), the median survival times (MSTs) (95% CIs) were 13.3 months (9.1-17.6 months) in the standard-dose group and 14.7 months (10.6-18.7 months) in the half-dose group (P=0.522), whereas in patients with bCLC-C HCC (n=86 in the standard-dose group and n=88 in the half-dose group), the MSTs (95% CIs) were 6.5 months (4.1-8.9 months) in the standard-dose group and 7.8 months (5.8-9.8 months) in the half-dose group (P=0.418).
In patients with Child-Pugh A HCC (n=118 in the standard-dose group and n=125 in the half-dose group), the MSTs (95% CIs) were 10.7 months (6.9-14.4 months) in the standarddose group and 10.4 months (8.3-12.5 months) in the half-dose group (P=0.910), while in patients with Child-Pugh b HCC (n=21 in the standard-dose group and n=14 in the half-dose group), the MSTs (95% CIs) were 4.2 months (3.0-5.3 months) in the standard-dose group and 5.1 months (2.4-7.9 months) in the half-dose group (P=0.058), indicating that there was trend for better survival in HCC patients with Child-Pugh b treated with initial sorafenib dose of 400 mg/day.
Discussion
There have been few studies comparing the clinical outcome and safety between different initial doses of sorafenib administered to HCC patients (10, 13) . HCC patients enrolled in RCTs do not necessarily represent the field practice owing to the absence of potential confounding factors such as comorbid diseases. In addition, the results of clinical studies of sorafenib therapy for HCC performed in Japan revealed that >80% of enrolled patients treated with initial standarddose sorafenib (800 mg/day) required dose reduction (23) . Thus, there is urgent need for investigating the usefulness of initial reduced dose of sorafenib therapy in HCC patients in field practice. Hence, we aimed to conduct this multicenter comparative study using propensity score matching analysis for reducing selection biases. The major strengths of the Table III . Sorafenib related adverse events in the standard-dose group and the half-dose group after propensity score matching.
Standard-dose group (N=139)
Half-dose group (N=139) P-value current analyses were the large sample size (n=278 after propensity score matching), the consecutive enrollment of Japanese HCC patients with broad eligibility criteria reflecting the diversity and complexity of our field practice for HCC and the involvement of 14 centers with well-referenced expertise in HCC diagnosis and treatment for HCC. In the present study, there were no significant differences in terms of OS, PFS, best treatment response and SAEs in the standard-dose and the half-dose groups after propensity score matching or in the subgroup analyses after propensity score matching, no significant difference was observed in the two groups. Our results suggest that initial half-dose sorafenib therapy for HCC can be a treatment option for some patients. While the interim analysis in the GIdEON study demonstrated a trend toward more evident clinical benefits for initial standard-dose sorafenib as compared with the initial half-dose sorafenib and patients who initiated standard-dose sorafenib tended to discontinue treatment later than patients who initiated half-dose sorafenib (12.3 vs. 9.7 weeks) and present a longer OS (9.3 vs. 7.1 months) and time to progression (4.5 vs. 3.6 months) (10, 11, 24) . On the other hand, a recent comparative study reported from Japan showed that using propensity score matching, HCC patients treated with the initial half-dose sorafenib therapy (n=58) led to a comparable survival benefit compared with those treated with the standard-dose sorafenib therapy (n=58), which are in line with our present study results (13) . Furthermore, the results in the SOFIA study confirmed the safety and treatment effectiveness of sorafenib in a real-life clinical setting even with a reduced dose (9) . The authors in the SOFIA study demonstrated that the median OS was 10.5 months in the overall cohort (n=296) [8.4 months in bCLC-C vs. 20.6 months in bCLC-b patients (P<0.0001)], and 21.6 months in the 77 patients treated for ≥70% of the time with a half-dose sorafenib vs. 9.6 months in the 219 patients with standard-dose sorafenib or half-dose sorafenib <70% treatment period (P=0.0006) (9) . The discrepancies for these study results may be attributed to different baseline characteristics such as race, age, body weight, extension of liver disease and background liver disease in these studies (1, 2, 4, 5, 25, 26) . For instance, the mean age in our current analysis was ~70 years, while that in the GIdEON study was 62 years (several Japanese HCC patients were included in the GIdEON study), which is 8 years younger than our study population (10, 11, 24) . Further well defined comparative studies will thus be needed in the future to confirm these results.
It is of note that in our subgroups analyses in patients with Child-Pugh b (n=21 in the standard-dose group and n=14 in the half-dose group), the median OS tended to be longer in the half-dose group than the standard-dose group (5.1 vs. 4.2 months, P=0.058) and the median duration of sorafenib therapy was 3.3 months in the half-dose group and 1.6 months in the standard-dose group (data not shown). Available evidence suggests that the safety profile of sorafenib therapy is comparable in HCC patients with Child-Pugh A and b, however, half-dose sorafenib therapy can be recommended in HCC patients with poor liver function of Child-Pugh b for avoiding treatment discontinuation due to SAEs considering our results of subgroup analyses (10, 11) .
In our analyses of sorafenib related SAEs, grade 3 or more sorafenib related SAEs in the standard-dose and half-dose groups were found in 37 patients (26.6%) and 33 patients (23.7%), whereas in the GIdEON study, grade 3 or more sorafenib related SAEs in the standard-dose and half-dose groups were found in 274 out of 1,161 patients (24%) and 84 out of 347 patients (24%), which are similar to our results (11) . On the other hand, in the present study, sorafenib treatment was discontinued in 127 patients (91.4%) in the standard-dose group and 121 patients (87.1%) in the half-dose group, which are higher than the discontinuation rate of sorafenib in the SHARP study [226 out of 297 patients (sorafenib arm), 76.9%] (7). The higher prevalence of patients with Child-Pugh b in this study (15. 1% in the standard-dose group and 10.1% in the half-dose group) compared with that in the SHARP study (5%, sorafenib arm) could in part account for high rates of treatment discontinuation of our present study (7) .
In our propensity score matching, clinical variables including age, body weight, gender, Child-Pugh score and ECOG-PS were entered. All these variables are key factors when deciding initial dose of sorafenib in field practice. After propensity score matching, the distributions of all confounding factors except for AFP-value in the two groups were well balanced for statistical analyses and we believe that this difference in the two groups after propensity score matching did not affect for interpreting our study results.
Our study included several limitations. Firstly, this is a retrospective study although propensity score matching analysis for reducing selection biases was performed. Secondly, various therapies for HCC were performed after discontinuation of sorafenib, potentially leading to bias for evaluating OS. Thirdly, in this study, dose adjustment of sorafenib during treatment was decided mainly based on the decision of each attending physician, also leading to bias. Fourthly, our study cohort included only Japanese HCC patients, who in general had lower body weight than populations in Western countries (25, 26) . Hence, caution should be exercised for interpreting our results. However, our study results demonstrated that HCC patients treated with half-dose sorafenib had comparable clinical outcomes compared with those treated with standarddose sorafenib. In conclusion, reduced initial dose of sorafenib may not affect clinical outcomes for patients with unresectable HCC especially in Japanese HCC patients with relatively lower body weight.
